X-linked hyper-IgM Syndrome (XHIGM) is caused by a mutation of CD40 ligand (CD40L), which is normally expressed on activated CD4+ T cells and is responsible for immunoglobulin class switching. A 7-year-old boy with recurrent sinopulmonary infections since the age of 3 months had normal CD3+, CD4+, CD8+T lymphocytes, and CD19+B lymphocytes and NK cells, but significantly elevated IgM and extremely decreased IgG and IgA. Sequencing of genomic DNA revealed that the patient had a 34 base deletion in intron 3 and exon 4 of CD40L(g.8172_8205del34bp), which lead to the entire deletion of exon 4 in cDNA (c.347_409del63bp, i.e.,exon 4 skipping) and an in-frame deletion of 21 amino acids in CD40L protein. Moreover, the patient had negligible CD40L expression on activated CD3+CD8-T lymphocytes. His mother and sister were carriers of the CD40L mutation. Our studies demonstrated a novel mutation in CD40L, which, to our knowledge, has not been reported previously. (Asian Pac J Allergy Immunol 2014;32:270-4)
of pharyngeal swabs. The chest radiograph showed right lower lobe pneumonia. Immunologic studies revealed that the patient had normal levels of CD3+,CD4+ and CD8+T lymphocytes, mildly decreased CD19+Blymphocyte (7.5%, normal:10%~31%), normal NK cells， and normal complement C3 and C4, while his serum IgM was significantly elevated (2.599g/L, normal:1.2g/L~2.26g/L) and IgG (0.363g/L, normal: 7.91g/L~13.07g/L),IgA(0.077g/L, normal: 0.85g/L~1.71g/L) and IgE (1.1U/ml, normal: <100 U/ml) were extremely decreased. Based on his clinical manifestations, family history, chest radiograph and immunological results, the patient was diagnosed as having pneumonia and HIGM was suspected. Antibiotics (Cefoxitin plus Piperacillin/ Sulbactam) and immunoglobulin were given intravenously to him with rapid improvement in his condition.
Informed consent was obtained from his parents for the determination of a molecular diagnosis. This study was also approved by the Ethic Committee of West China Second University Hospital. Peripheral blood was collected (EDTA-coagulated) from a healthy volunteer, the patient, his sister and his parents. The genomic DNA was extracted, and all 5 exons and exon/intron boundaries in the CD40L gene were separately amplified using PCR and specific oligonucleotide primers (available on request). Besides, total RNA isolated from activated PBMC (described below) was reverse-transcribed into cDNA according to the manufacturer's instructions and the full-length cDNA of CD40L was amplified using two oligonucleotide primers (available on request). The PCR products were examined by 2% agarose gel electrophoresis, purified and directly sequenced using the ABI Big Dye Terminator mix (Applied Biosystems) and 3730XL a DNA sequencer (Applied Biosystems). The results were analyzed using Sequencing Analysis Software (Applied Biosystems). The agarose gel electrophoresis (Figure 1 ) revealed that there were differences in both the genomic DNA ( Figure 1a. ) and cDNA (Figure 1b. ) amplified fragments of CD40L exon 4 in the patient and his family members. Sequence analysis confirmed that the patient had a 34 base deletion in intron 3 (from -5 to -1) and exon 4 (29bp) of CD40L genomic DNA(g.8172_8205delTTCAGGTGATCAGAATC CTCAAATTGCGGCACAT) (Version:NC_0000 23.10), which lead to a deletion of entire exon 4 (63 bps in cDNA of CD40L(c.347_409del GTGATCAGAATCCTCAAATTGCGGCACATGT CATAAGTGAGGCCAGCAGTAAAACAACATC TG, i.e., exon 4 skipping) and an in-frame deletion of 21 amino acids in CD40L protein (p.G116-GDQNPQIAAHVISEASSKTTS). His father was normal but his mother and sister were carriers of CD40L mutation (figure not shown).
To further verify whether or not the mutation of the CD40L gene affected the expression of CD40L on activated T lymphocytes, three-color flow cytometry was used to detect the expression of CD40L on activated CD4+ T cells. Peripheral blood mononuclear cells (PBMC) from the patient, his sister and his parents were isolated from fresh whole blood (Heparin-coagulated) and activated with phorbol myristate acetate (PMA, 50 ng/ml final, Sigma) and calcium ionophore (ionomycin, 1000 ng/ml final, Sigma). The cells were incubated at 37℃ for 10 hours, washed, and then stained with antibodies to CD3 (Mouse IgG1, κ, PB), CD8 (Mouse IgG1, κ, APC-CY7), CD40L (Mouse IgG1, κ, FITC). The expression of CD40L on CD3+CD8-cells was detected by flow cytometry (Callios Beckman coulter). As shown in Figure 2 , expression of CD40L on activated CD3+CD8-cells from the patient was negligible, while his father had normal expression of CD40L. His mother and sister had obviously decreased expression of CD40L, which further demonstrated that they were carriers of CD40L mutation.
Discussion
The Hyper-IgM Syndrome (HIGM) is a rare primary immunodeficiency disorder. According to the underlying genetic defect, HIGM is classified into 7 phenotypes, 4 and the case we are reporting is HIGM1 (XHIGM), which is caused by a CD40L mutation.
XHIGM, firstly recognized in 1961 in two brothers, 5 is a rare primary immunodeficiency disorder with immunoglobulin class switching due to a CD40L mutation. Clinically, patients with XHIGM presented with recurrent sino-pulmonary and gastrintestinal infection and the pathogens responsible include not only bacteria but also opportunistic pathogens, such as pneumocystis carinii, 6 fugus 7, 8 and Cryptosporidium. 7 More than 50% of patients with HIGM display chronic or intermittent neutropenia, often associated with oral ulcers. 9 Neuroendocrine carcinoma may be associated with XHIGM. 10 Our patient clinically presented as recurrent sino-pulmonary infection and diarrhea which is similar to previous reports, but there was no evidence that he had suffered from opportunistic infection, because he could be cured each time without antifungal or antiprotozoal drugs.
XHIGM is caused by a mutation in CD40L which encodes CD40L on activated CD4+ T lymphocytes. CD40L interacts with CD40 on B lymphocytes to induce immunoglobulin classswitching and the engagement of CD40L/CD40 promotes germinal center formation and production of long-lived plasma cells and memory B cells. CD40L on activated T cells also can interact with CD40 on macrophages and dendritic cells to induce the secretion of IL-12 to enhance cellular immunity.
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The CD40L monomer consists of 261 amino acids and is composed of four distinct structural domains. 12 According to the CD40L mutation database (http://bioinf.uta.fi/CD40Lbase/), the number of mutations in the CD40L gene is more than 130，including missense, nonsense, insert and deletion mutations.
In the present study, we report that our patient had an unusual 34 bp deletion in intron 3(from -5 to -1) and exon 4 (29bp) in CD40L genomic DNA, which lead to 63 bp deletion in cDNA of CD40L. It is interesting to find that the position +3 of the donor splice site of intron 3 ( IVS 3 (+3)) is the same as that of intron 4 ( IVS 4 (+3)), while the The patient had only one short band due to deletion of 63bp in cDNA while the healthy volunteer and his father had one longer band. The mother and sister of the patient had two bands with the longer one just same as the father, while the shorter one same as the patient.
position -3 of the acceptor splice site of intron 3 (IVS 3 (-3)) is identical with that of intron 4 ( IVS 4 (-3)) as well, which makes exon 5 directly connect to exon 3 when splcing (i.e.,exon 4 skipping).This mutation caused a 21 amino acids deletion in the ECU and TNFH domains of CD40L. We also studied the expression of CD40L on activated CD3+CD8-T cells by three-color flow cytometry and demonstrated that the patient only had a negligible CD40L expression. Most studies have reported the detection of CD40L on activated CD4+ T cells by gating CD3+CD4+T cells, [13] [14] [15] but O'Gorman et al. reported that the expression of CD4 on PBMC would decrease after they were cultured and activated with PMA and ionomycin in vitro, 16 and we demonstrated the same in our experiments. Therefore, the activated CD3+CD8-T cells were gated to detect the expression of CD40L in our study.
In conclusion, we repor an unusual mutation in CD40L, which, to our knowledge, has not been reported previously. 
